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Public Summary:

During early development, human embryonic stem cells can follow three distinct developmental pathways to form the primary germ
cell layers: the mesoderm, the ectoderm and the endoderm. These three germ cell layers then become all the tissues in the human
body. In this study, Dr Evseenko, Dr Crooks and colleagues studied human embryonic stem cells that followed the mesoderm pathway,
which gives rise to blood cells, blood vessels, cardiac cells, muscle, cartilage, bone and fat. The investigators placed human embryonic
stem cells into culture and, after three or four days, found a small subset of the cells that had lost a key cell surface marker
characteristic of the pluripotent state and had gained a new marker that is a hallmark of mesodermal cells. Because the two markers
are displayed on the cell surface, specific antibodies could be used to isolate the *human embryonic mesodermal progenitors” (REMP
cells) from the other cells in culture. The hEMP cells mark the very first stage of differentiation of human embryonic stem cells as they
enter the mesoderm developmental pathway that leads to production of blood, heart muscle, blood vessels and bone. The researchers
studied the hEMP cells using specialized culture systems to test what kind of tissues they produce and using gene arrays to understand
how closely hEMP cells relate to embryonic stem cells. The knowledge of how to isolate these hEMPs, allows researchers to remove
the original pluripotent stem cells and thus reduces the risk of teratoma formation after transplantation. This discovery will allow
scientists to study the earliest events of tissue differentiation from pluripotent stem cells and offers a safer and more controlled method
for engineering tissue regeneration. The researchers hope that these cells could one day be used for clinical treatments of a wide range
of medical conditions as the discovery may help scientists create better and safer tissues for use in regenerative medicine. It also will
allow scientists to better understand the differences between pluripotent stem cells, which can become every cell in the body, and
cells that have lost their pluripotency and are on their way to becoming specific types of tissue cells.

Scientific Abstract:

Our understanding of how mesodermal tissue is formed has been limited by the absence of specific and reliable markers of early
mesoderm commitment. We report that mesoderm commitment from human embryonic stem cells (hESCs) is initiated by epithelial-to-
mesenchymal transition (EMT) as shown by gene expression profiling and by reciprocal changes in expression of the cell surface
proteins, EpCAM/CD326 and NCAM/CD56. Molecular and functional assays reveal that the earliest CD326-CD56+ cells, generated from
hESCs in the presence of activin A, BMP4, VEGF, and FGF2, represent a multipotent mesoderm-committed progenitor population.
CD326-CD56+ progenitors are unique in their ability to generate all mesodermal lineages including hematopoietic, endothelial,
mesenchymal (bone, cartilage, fat, fibroblast), smooth muscle, and cardiomyocytes, while lacking the pluripotency of hESCs. CD326-
CDs56+ cells are the precursors of previously reported, more lineage-restricted mesodermal progenitors. These findings present a
unique approach to study how germ layer specification is regulated and offer a promising target for tissue engineering.
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